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ABSTRACT 
Objective: To evaluate the effect of three resistance inducers and an organic fertilizer on the titles of Candidatus 
Liberibacter asiaticus in Citrus sinensis (L.) Obseck cv. Valencia. 
Design/methodology/approach: The treatments consisted of Vacciplant Max and UPL-08, Fosetil 
aluminum. Likewise, BIO-FOM was applied on the periphery of the trees, with moisture for nutrients 
absorption. The evaluated variables were fruit weight, equatorial diameter, skin thickness, °BRIX, severity 
and chlorophyll, in each of the five treatments, which consisted of 20 repetitions. 
Results: The fruits of the trees treated with Vacciplant Max had lower skin thickness and a higher °BRIX. 
Also, the highest chlorophyll index was recorded with BIO-FOM fertilizer. However, none of the evaluated 
treatments significantly decreased the fruit harshness.
Findings/conclusions: The best treatment against Huanglongbing was fosetyl aluminum which conferred 
greater fruit weight and diameter. 
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INTRODUCTION
 Citrus fruits are grown in tropical and subtropical regions of the world (Spreen, 2020) 
due to their high vitamin C content. At the same time, it provides multiple benefits to 
human health and is also used as a raw material in various agro-industrial processes 
(Sharif, 2018). Overall, México’s citrus production is in fourth 
worldwide (Hernández et al., 2019) with a 590,000 ha cultivated 
area and an 8 million tons production (Sáenz et al., 2019). 
The most important citrus species are sweet orange, lemon 
in all its species, mandarin and grapefruit (Hernández 
et al., 2019). In this regard, it should be noted that, 
worldwide, the most devastating disease for citrus fruits 
is Huanglongbing (Garza-Saldaña et al., 2017). These 
disease symptoms are associated with the presence of 
the Gram-negative -proteobacterium Candidatus 
Liberibacter asiaticus, spread by the insect vector 
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Diaphorina citri (Robles-Gonzales et al., 2017). In Mexico, the disease was detected for the 
first time in Mexican lemon trees at the Yucatán peninsula in July 2009 (Garza-Saldaña et 
al., 2017). Also, along with within the characteristic symptomatology of Huanglongbing, 
develops an irregular asymmetry and smaller size in fruits, pericarp thickening, seeds 
abortion, color inversion and reduction of soluble solids, this last characteristic deteriorates 
the organoleptic quality, which, therefore, is not possible to use it in the juice industry 
(Sáenz et al., 2019). Currently, there is no known cure for this disease (Curtolo et al., 
2020). However, there are various capable resistance inducing chemical agents in plants 
(Acuña and Grabowski, 2012). In addition to strategies with resistance inducers, antibiotics 
application and nutrition programs have been developed to delay the disease progress 
to maintain citrus fruitsʼ yield (Trinidad-Cruz et al., 2019). Resistance inducers require 
fewer applications, compared to other treatments, likewise, they are an effective means to 
prevent different pathogens (Ramírez et al., 2012). However, organic fertilizers might be 
more effective in inducing plant growth, nevertheless, nutrient absorption is lower in foliar 
applications compared to its direct soil application (Alayón et al., 2014; Ullah et al., 2019).
 Due to the above, the following objectives were raised, to determine the severity of the 
disease in Valencia orange trees treated with resistance inducers and organic fertilizer and 
estimate the °BRIX of Valencia oranges juice with Huanglongbing, treated with resistance 
inducers and organic fertilizers.
MATERIALS AND METHODS
 The experiment took place from May 2019 to March 2020 in Citrus sinensis (L.) 
Obseck cv. Valencia trees, 9 years old, on the citrange rootstock (Carrizo) with typical 
Huanglongbing symptoms (Previously detected via PCR by the State Committee of Plant 
Health of Tamaulipas), at the “San Antonio” orchard, located on the Victoria-Santa 
Engracia interejidal highway km 18.5 (23° 45’ 39.6’’ N and 99° 8’ 38.4’’ W). In addition, 
the fruit evaluation was carried out in the Plant Pathology Laboratory of the Central 
Integral de Laboratories of the Faculty of Engineering and Sciences of the Autonomous 
University of Tamaulipas, Mexico.
 For the treatments of Vacciplant Max and UPL-08 (Table 1), a 132 mL dose of the 
agrochemical was applied. For the fosetil aluminum treatment, the dose was 300 g, 
following the recommended dose of the product. The three treatments were diluted in 100 
L of water and their applications were made with a high-pressure gun connected to a 400 L 
sprinkler, between 5:00 p.m. and 7:00 p.m. to avoid elements loss during application due to 
solar radiation. Also, 4 kg of BIO-FOM per tree were directly applied to a limited area of 
Table 1. Treatments (doses and routes of application).
Treatments Dose Application
Vacciplant Max 132 mL Foliar
UPL-08 132 mL Foliar
Fosetyl aluminum 300 g Foliar
BIO-FOM 4 kg Edafica
Control no application no application
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the soil that had humidity, to facilitate nutrients absorption. In all treatments, applications 
were made every 15 days for two months.
 The evaluated variables were fruit weight, equatorial diameter, peel thickness, °BRIX, 
severity and chlorophyll content. In addition, the fruit weight (P) was determined with an 
analytical balance, the equatorial diameter (ED) of the fruits and peel thickness (PT) were 
determined with an electronic digital vernier. Also, °Brix were measured with a portable 
digital refractometer, all treatments were individually evaluated on 100 fruits.
 The severity evaluation was carried out for 6 months on 100 trees. An arithmetic 
severity scale was used in which the following classes were considered: 1Plant free 
of damage, 2Plant with up to 25% damage on the total of foliar area, 3Plant with 
damage greater than 25% up to 50% damage, 4Plant with damage greater than 50% up 
to 75% damage and 5Plant with damage greater than 75% damage. To determine the 
affected foliar area (severity), the severity scale proposed by Flores-Sánchez et al. (2015) 
was followed.
 The severity percentage was calculated with the formula:
I D n n n n n NT. . / * *= ( )+ ( )+ ( )+ ( )+ ( )( )1 1 2 2 3 3 4 4 5 5 5 100
 Where I.D. is the intensity of damage, n0 (0)… n (5)Total number of plants per degree 
of damage, NT is the total number of plants evaluated and 5 is the maximum degree of 
damage on the scale.
 During the period from September 2019 to March 2020, the chlorophyll content was 
monthly sampled with a Minolta SPAD meter during the day, three leaves were sampled 
in each of the 100 assessed trees. Four readings were taken per leave and automatically 
averaged by the equipment: one in the center and the remaining three in the contour. The 
above cover a larger leaf area and have a more accurate reading. For the experimental 
design, five treatments were carried out under a randomized blocks design and four 
repetitions (20 plants per treatment). The data obtained were analyzed using the SAS® V9 
statistical software and a comparison of means was made with the Tukey test (P0.05).
RESULTS AND DISCUSSIONS
 The ° BRIX between the different treatments showed significant differences. The highest 
sugar contents were presented in ULP-80, Vacciplant Max and the control. However, 
Bio-Fom and Fosetyl Aluminum showed 9% less °BRIX compared to UPL-80, which 
was the best treatment (Table 2). Flores-Sánchez et al. (2015) did not report differences in 
°BRIX between fruits of asymptomatic and symptomatic branches in Persian lemon. On 
other hand, Soto et al. (2018) reported that when using microorganisms such as the SG-6 
Paenibacillus polymyxa bacterium strain in the post-harvest decay of mandarins, caused by P. 
digitatum, and P. italicum did not affect SST.
 At the same time, significant differences were observed in the equatorial diameter 
of the fruits. Their diameter in the Fosetil Aluminum treatment (70.19 mm) was 6.2% 
higher in contrast to the Bio-Fom (65.84 mm) treatment. However, the thickening of the 
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peel presented the lowest thickness in the control treatment. Similarly, Vacciplant Max 
applications showed a 12.4% reduction of the mesocarp and exocarp (Table 2). Several 
authors point out that fruits of Citrus sinensis (L.) Osbeck cv. Valencia, harvested from 
trees positive for Candidatus Liberibacter asiaticus, shows a greater thickening of the peel 
compared to fruits harvested from healthy trees (Pérez et al., 2009; Flores Sánchez et al., 
2015). Therefore, because in the control treatment there was a decrease in peel thickness, it 
concurs with Robles-González et al. (2013), who noted that the disease does not affect peel 
thickness. Regarding the weight of the fruits, the Fosetil Aluminum treatment (208.28 g) 
showed 15.7% greater heaviness. However, when Bio-Fom was applied, lower weight fruits 
were observed (175.77 g) (Table 2). Pabón-Villalobos and Castaño-Zapata (2015) indicate 
that by applying fosetyl aluminum  propamocarb injected to the stem, an increase in the 
fruitsʼ weight was achieved with a production of 421.40 kg ha1. However, Ruiz-Sánchez 
et al. (2008) observed in the melon (Cucumis melo) crops no differences in the weight of the 
fruits with Fosetil Aluminum.
 Weight (P) was determined with an analytical balance, the equatorial diameter (ED) of 
the fruits and peel thickness (PT)
Chlorophyll assessment in plants with Huanglongbing
 The highest chlorophyll index was obtained from the BIO-FOM (64.24) treatment, 
followed by the control and UPL-08 with 63.84 and 63.00, respectively (Table 3). By 
applying these agrochemicals, the chlorophyll content was increased by up to 2.4%. 
On the contrary, the treatment that least contributed to this study variable was Fosetyl 
Table 2. Comparison of means of the different treatments.
Treatments °Brix ED (mm) ST (mm) w (g)
Vacciplant Max 13.31 a 68.80 a 4.05 b 187.53 bc
Control 13.13 a 68.01ab 3.87 b 201.91 ab
BIO-FOM 12.39 b 65.84 b 4.50 a 175.77 c
UPL-08 13.42 a 68.36 ab 4.47 a 187.53 bc
Fosetyl aluminum 12.22 b 70.19 a 4.62 a 208.28 a
DMS 0.67 2.71 0.31 18.54
ED: equatorial diameter, ST: shell thickness, w: weight, *Values with the same letter are statistically 
equal based on the Tukey test (P0.05). DMS: Minimum significant difference.
Table 3. Chlorophyll content and severity of Huanglongbing comparison.
Treatments Chlorophyll content Severity (%)
Vacciplant Max 62.68 b 51.25 a
Control 63.84 ab 51.25 a
BIO-FOM 64.24 a 51.25 a
UPL-08 63.00 ab 55.0 a
Fosetyl aluminum 62.71 b 48.75 a
DMS 1.50 17.61 a
*Values with the same letter within columns are statistically equal based on the 
Tukey test (p0.05). DMS: Minimum Significant Difference.
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Aluminum (62.71). Likewise, as time passed, the chlorophyll index varied in each 
treatment (Figure 1). In September, values that ranged between 63 and 66 SPAD units 
were obtained. Subsequently, there was an increase by October and the index decreased 
in the two subsequent months, to rise again in February. It is important to note that 
the plant begins to expend more energy because their fruit also begins to mature, 
temperatures start to rise and have therefore an effect on the amount of chlorophyll. 
Finally, the lowest readings were recorded during March. However, BIO-FOM had the 
highest chlorophyll values in all treatments; therefore, it is attributed that the biofertilizer 
did not affect the plants, since such effect takes longer. Reyes-Santamaría et al. (2000) 
mention that, from October to February, the plants accumulate a greater amount of 
reserve carbohydrates to be used during the f loral differentiation, in the initial vegetative 
growth and fruiting. However, from March to July the carbohydrates concentration 
decreases due to the vegetative growth, f lowering, set and fruit development. Latsague et 
al. (2014) observed that the chlorophyll contents were inf luenced by NPK application in 
leaves of B. corallina. Likewise, the chlorophyll content increase has been observed with 
nitrogen fertilization by Warren et al. (2005) in leaves of Pinus pinaster Aiton Seneweera 
et al. (2011).
Determination of the severity of Huanglongbing
 The severity did not show significant differences. However, fosetil aluminum reduced 
the severity of Huanglongbing by 11.4% in orange cv. Valencia compared to the rest of the 
treatments. Likewise, the trees treated with UPL-80 showed the highest disease severity 
percentage (12.8%). In general, in the period from September to November, the severity 
percentage remains below 15% in all treatments (Figure 2). On other hand, as of January, 
the severity exponentially rises, until reaching the highest percentage of damage in March. 
Previous research states that the Candidatus Liberibacter asiaticus bacteria concentration 
increases as its presence in the plant pass. In addition, factors such as temperature, relative 
humidity and precipitation affect pathogen proliferation. This last factor causes buds in 
citrus fruits in September; therefore, there is a greater food source and shelter for the 























Figure 1. Chlorophyll content percentages from September 2019 to March 2020 in Citrus sinensis Osbeck cv. 
Valencia.
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 In sweet orange, the symptoms are less intense, since the generalized yellowing of the 
leaf blade occurs infrequently and defoliation of these is not observed as mentioned by 
Flores-Sánchez et al. (2015). Also, Quiroga and Arbeláez (2004) mentioned that with 
Fosetil Aluminum the lowest severity values of the downy mildew disease were recorded 
in roses cultivation. At the same time, Ruiz-Sánchez et al. (2008) noted that the severity of 
the downy mildew disease (Pseudoperonospora cubensis Berk. & Curt.) Rost. in melon (Cucumis 
melo L.) cultivation decreased due to Fosetyl Aluminum.
CONCLUSIONS
 The best treatment against Huanglongbing was Fosetyl aluminum as it gave greater 
weight (15.7%) and fruit diameter (6.2%). Similarly, fruits from trees treated with Vacciplant 
Max presented lower peel thickness and higher °BRIX content. In addition, the highest 
chlorophyll index was achieved with the Bio-Fom fertilizer. However, none of the evaluated 
treatments significantly decreased the severity percentage in the orange cv. Valencia.
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